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Abstract
A 21-year-old woman presenting with acute Epstein–Barr virus (EBV) infection (infectious mono-
nucleosis) was noted to have renal involvement. She had proteinuria, leukocyturia and micro-
scopic hematuria, and 10 days after admission became nephrotic (23 g of protein per g of
creatinine). Renal biopsy revealed glomerular tuft collapse, visceral epithelial cell proliferation and
vacuolization consistent with collapsing glomerulopathy. She had only transient deterioration in
renal function, attributed to contrast nephropathy, but after recovery remained proteinuric. Renal
disease is well described in EBV infection, but collapsing glomerulopathy has not been reported
previously.
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Background

Collapsing glomerulopathy has been recognized as a
form of focal segmental glomerulosclerosis characterized
by collapse of the glomerular capillary tuft and prolifer-
ation of the visceral epithelial cells. Most cases have been
seen in patients with HIV infection, but since 1986 an
association with several non-HIV-related conditions has
also been reported [1–3]. Indeed, as early as in 1999, one
center reported that as many as two-thirds of cases of
collapsing glomerulopathy (collapsing GN) were non-HIV-
related; labeled as collapsing idiopathic GN [4]. It is now
known that collapsing GN may occur in association with
viruses (parvovirus B19, cytomegalovirus (CMV), HTLV-1
and HCV), bacteria (tuberculosis), parasites (leishmania-
sis), febrile illness, drugs (interferon alpha, pamidronate),
autoimmune diseases, malignancy (acute monoblastic
leukemia, multiple myeloma, hemophagocytic syn-
drome), post-transplantation and certain genetic
causes [5].

Case report

A previously healthy 21-year-old African-American
woman presented with a 4-day history of malaise, fever,
nausea, vomiting, anorexia and left-sided abdominal
pain. The patient, a thin woman with BMI of 21.0 kg/m2,
had a temperature of 38.9°C (102°F), pulse rate of 100
bpm, respiratory rate of 22 per minute and blood
pressure of 110/70 mmHg. The spleen was markedly

enlarged and there was tenderness over the left upper
abdominal quadrant. There was no skin rash, regional
lymphadenopathy, pharyngitis or tonsillitis. Initial lab-
oratory tests were significant for a normocytic normo-
chromic anemia [hemoglobin 5.8 g/dL (58 g/L)],
thrombocytopenia (platelet count 103 000 cells/µL) and
a lymphocyte count of 4400 cells/µL (normal 1200–3400
cells/µL). CT scan of the abdomen (without intravenous
contrast) revealed massive splenomegaly and hypodensi-
ties suggestive of infarcts.
Autoimmune workup including serum antinuclear anti-

bodies, antineutrophil cytoplasmic antibodies, comp-
lements, antiphospholipid antibodies, serum and urine
protein electrophoresis with immunofixation were
normal. Testing for lymphoproliferative diseases revealed
normal flow cytometry, absent JAK 2 mutation, no bcr/
abl gene translocation and unremarkable bone marrow
biopsy. Infectious workup was negative for human immu-
nodeficiency virus (HIV) 1 and 2 serology, and HIV RNA
by polymerase chain reaction (PCR). CMV IgG was positive
with absent IgM titers. Hepatitis B and C serologies, urine
histoplasma antigen, serum rapid plasma reagin and Par-
vovirus B19 were negative. A transesophageal echocar-
diogram was normal without evidence of vegetations.
The monospot test on the day of admission was negative.
Epstein–Barr virus (EBV) DNA and viremia (as assessed by
qualitative PCR methods) was reported as positive on day
9. Subsequent testing for EBV-specific antibodies revealed
positive IgM VCA (viral capsid antigen) titers (>1:10) and
positive IgG VCA on day 10.
On admission, blood urea nitrogen (BUN) was 2.5

mmol/L (7 mg/dL), and serum creatinine was 53 µmol/L
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(0.6 mg/dL). Urinalysis showed specific gravity of 1.019, 1
+ dipstick proteinuria, 5 red blood cells, and 15 white
blood cells per high power field magnification (hpf), no
cellular casts and sterile urine culture. No previous base-
line values were available for comparison. At the time of
renal consultation on day 10 of admission, serum creati-
nine had increased to 133 µmol/L (1.5 mg/dL) 24 h after
administration of intravenous contrast for a repeat CT
scan of the abdomen. Imaging showed increasing sple-
nomegaly and infarcts involving >50% of the spleen.
Repeat urinalysis revealed a specific gravity of 1.036, 4+
dipstick proteinuria, 5 red blood cells and 215 white
blood cells per hpf, sterile urine culture and a spot urine
protein to creatinine ratio of 23, confirmed on two separ-
ate occasions. Urine microscopy revealed leukocyturia
with white blood cell casts. Serum albumin had dropped
to 12 g/L (1.2 g/dL) from a baseline of 32 g/L (3.2 g/dL),
and total cholesterol had increased to 4.8 mmol/L (185
mg/dL) from a baseline 2.2 mmol/L (85 mg/dL).

Renal biopsy was performed on day 15 to characterize
the new-onset nephrotic syndrome as the patient had
now also developed anasarca. It revealed collapse of the
glomerular capillary tuft, visceral epithelial cell prolifer-
ation and vacuolization consistent with collapsing glo-
merulopathy (Figure 1), alongside with evidence of
recovering acute tubular necrosis. In situ hybridization for
EBV was negative.

On day 18, a therapeutic splenectomy was performed
because of unremitting abdominal pain and radiologic
evidence of capsular rupture. Splenic tissue examination
showed multifocal infarction, capsular rupture and con-
firmed the presence of EBV-encoded RNA (EBER) by in
situ hybridization (Figure 2). After splenectomy, the fever
and abdominal pain completely resolved. Serum creati-
nine returned to a baseline of 53 µmol/L (0.6 mg/dL) on
day 20. Follow-up EBV serology on day 21 revealed posi-
tive IgG EBNA (Epstein–Barr nuclear antigen) titers. RAAS
blockade (enalapril) was initiated for sustained proteinur-
ia. Subsequent follow-up over the next few months
showed improving proteinuria, urine sediment and serum
albumin levels. At the last clinic visit (11 months after
illness onset), serum creatinine was 53 µmol/L (0.6 mg/
dL), serum albumin 39 g/L (3.9 g/dL), urine sediment had
1 red blood cell and 1 white blood cell per hpf, and pro-
teinuria had lowered to <1 g/g of creatinine in the urine.
The patient continues to be conservatively managed with
up-titration of RAAS blockade and is being closely moni-
tored by the clinic.

Discussion

Here we report an association between collapsing glo-
merulopathy and an acute EBV syndrome, manifesting
itself clinically as nephrotic syndrome with massive pro-
teinuria, hypoalbuminemia, anasarca and hypercholes-
terolemia. The reversible rise in creatinine was most likely
due to contrast-induced acute kidney injury, also demon-
strated on renal biopsy.

EBV has been associated with several renal syndromes.
Evidence of renal involvement is reported in 3–16% of
patients with acute infectious mononucleosis [6, 7]. The
most commonly described renal lesion has been an
acute tubulo-interstitial nephritis [7,8]. Nephrotic syn-
drome in acute infectious mononucleosis was first pub-
lished in 1963 in a case in which kidney biopsy was
inconclusive [9]. Glomerular lesions have included mem-
branous nephropathy [10, 11], mesangial focal prolifera-
tive disease with cellular crescents [12], minimal-change
disease [13, 14] and vasculitic lesions such as polyarteri-
tis nodosa [15]. To our knowledge, this is the first report
of collapsing glomerulopathy.

EBV predominantly infects B lymphocytes, the produ-
cers of immunoglobulin through specific EBV/C3d recep-
tors on B cells [16]. A viral glycoprotein, gp350, bears
sequence homology to the C3 complement fragment C3d
[16]. One of the main reservoirs of EBV is the nasophar-
yngeal mucosa [17], where epithelial cells endocytose
circulating polymeric IgA-EBV immune complexes by
specific receptors and transport them to the luminal
surface [18]. EBV is also assumed to replicate in these
cells [18]. More than 90% of asymptomatic adults shed
EBV in saliva [17]. EBV infection seems to represent equi-
librium between viral replication in vivo and the host’s
immune removal of the virus, and disease occurs when
there is an imbalance in the host immunity [17].

The mechanism of glomerular disease in EBV is not
clear. It could be related to an uptake of immunoglobu-
lin–EBV complexes by glomerular visceral and parietal
epithelial cells similar to that in the nasopharyngeal
mucosa. Moudgil et al. have shown localization of parvo-
virus B19 DNA (another viral cause of collapsing GN) in
glomerular parietal and visceral epithelial cells [19].
Another study suggested a causative role of EBV infection
in the pathogenesis of interstitial nephritis [20]. EBV DNA
has been detected in renal tissue in IgA nephropathy,
membranous nephropathy and focal/segmental lesions;
and is quantitatively greater in subgroups with mesangial

Fig. 1. Collapse of glomerular tuft (a) along with visceral epithelial cell proliferation and vacuolization (b) on PAS (periodic acid-Schiff ) and Jones’ stain.

Acute Epstein–Barr virus infection associated collapsing glomerulopathy 321



injury, fibrinogen deposits and immunoglobulin deposits,
suggesting a causative role [21]. Other studies have also
reported transformation of B cells by EBV to produce
more IgA than IgG, especially in IgA nephropathy, and
the same IgA1 subtype that was produced by trans-
formed B cells was found deposited in the glomerular
mesangium [22, 23].

In our patient, EBER was detected by in situ hybridization
in splenic but not renal tissue. This may have been due to
a low viral copy number or to the focal nature of the infec-
tion. Differences in the detection techniques applying PCR
and Southern blot to the extracted DNA may have also
contributed to the absence of EBV detection in renal tissue.
However, there was a significant association of acute EBV
viremia and collapsing GN in our patient. As the acute
phase of the infection cleared, proteinuria gradually im-
proved, but persisted, suggesting the possibility of second-
ary autonomous phase of podocyte loss [24].
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Fig. 2. Splenic tissue with positive Epstein–Barr virus in situ hybridization.
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